INTRODUCTION
Kartagener's syndrome (KS), a subgroup of the immotile-dyskinetic cilia syndrome, is a rare congenital disorder in the axoneme of the cilia characterized by the classic triad of recurrent rhinosinusitis, bronchiectasis, and situs inversus (1) . The prevalence of this syndrome has been estimated at 1 in 40,000 (2) . Up to the present time, it is generally considered that males with KS are almost all infertile (3, 4) , but the situation in female patients is not so clear. Some women with this syndrome are infertile (5-7), whereas some have successfully conceived (8) (9) (10) . Although pregnancy is not impossible in women with KS, they are at high risk for sterility. Afzelius et al. reported only three successful pregnancies in 12 women with KS who tried to conceive (11) . Recently, Halber and co-workers reported initial work with in vitro fertilization (IVF) and embryo transfer (ET) for a woman with infertility due to dyskinetic oviductal cilia caused by KS (7). Unfortunately, their patient did not conceive from that single IVF-ET attempt. Our study provides the first report of a successful pregnancy with IVF-ET in an infertile woman with KS. In addition, we are also the first to report an ectopic pregnancy in this syndrome.
CASE REPORT
The patient came to our infertility clinic at the age of 32 years because of primary infertility for 8 years.
She had the classical triad of KS (chronic sinusitis, bronchiectasis, and situs inversus) with recurrent respiratory problems, including difficulty in clearing sputum and dyspnea from childhood. There was no history of salpingitis, use of intrauterine device, endometriosis, or pelvic or tubal surgery. The infertility examinations included basal body temperature charts; hysterosalpingography; semen analysis; antisperm antibodies; and assays of serum thyroxine, prolactin, and follicle-stimulating hormone. All these data were within normal limits. Laparoscopy was normal except for a mild degree of right peritubal and periovarian adhesions. Adhesiolysis was performed without difficulty. Bilateral patency of the tubes was confirmed by chromopertubation during laparoscopy. Biopsies from the nasal mucosa were also obtained. The specimen was fixed in glutaraldehyde and processed for the examination of electron microscopy. Transmission electron microscopy (TEM) revealed an absence of dynein arms in the cilia.
The first IVF-ET attempt was done after downregulation of pituitary function with Lupron (gonadotropin-releasing hormone analogue) and ovarian stimulation with follicle-stimulating hormone (FSH)/human menopausal gonadotropin (hMG). Ovum retrieval was performed with transvaginal ultrasound. Unfortunately, the patient did not conceive. A right ovarian pregnancy occurred spontaneously 2 years later. During laparotomy at that time for wedge resection of the right ovary, no pelvic adhesions were noted. A second IVF-ET was attempted 3 months after the ectopic pregnancy, but it was again unsuccessful. Because of the previous failures of IVF-ET, a third attempt was made using assisted hatching by zona drilling with acid Tyrode's solution. This was successful and the patient, at the age of 38, conceived twins. The gestational course was uneventful except for transient dyspnea during the third trimester because of difficulty in clearing sputum. At 35 weeks, because of premature rupture of the membranes and malpresentation of one fetus, cesarean section was performed. Both newborns' weights were appropriate for gestational age (2462 and 2870 g), and they each had Apgar scores of 9 and 10 at 1 and 5 min, respectively. The two babies were both healthy.
DISCUSSION
Men with KS have immotile spermatozoa and are, therefore, almost-infertile. However, reports of fertility in women with KS have been variable. Immotility of the epithelial cilia in the syndrome is thought to be due to a lack of dynein arms (3, 6, 12, 13) . In two reports of pregnancies in females with this syndrome, the dynein arms of the cilia were absent in the endocervix (9) and fallopian tubes (10). Thus, it was reasonable to propose that ciliary motility in the female reproductive tract is not essential for fertility (9, 10, 14) . Afzelius et al. suggested that muscular contractions of the fallopian tubes are the primary force for the transport of eggs and zygotes, with the transport being supplemented by some degree of ciliary motility (14) .
However, subsequent studies found that there are variable axonemal defects and variable degrees of ciliary motion in patients with KS. Two reports in the past evaluated both the structure and the function of oviductal cilia in a woman with KS. In 1986, McComb et al. provided the first report of a woman with KS whose infertility was due to the absolute lack of ciliary motility associated with partial or total absence of dynein arms in the fallopian tubes (5). They also demonstrated that the structural and functional characteristics of the oviductal cilia were the same as those of cilia found elsewhere in the body. Recently, in 1997, Halbert et al. reported "motile" (dyskinetic) cilia in the fallopian tube of a sterile patient with KS, in which the tubal cilia had an absence of the two central microtubules, and the dynein arms appeared to lack the hook appendage (7). There have also been reports of bizarre ciliary motility in the respiratory tract of many fertile women with Kartagener's syndrome (15, 16) . These observations support the hypothesis that dyskinetic ciliary activity (or immotility) in the reproductive tract explains the fertility (or lack of it) in women with KS (5). That is, fertility depends on the degree and efficiency of the ciliary beat in the fallopian tubes, which is variable in women with the syndrome.
Although women with KS have a variable degree of fertility, they definitely have an increased risk for sterility. Our patient had also tried unsuccessfully to become pregnant for 8 years before being referred to our infertility clinic. Although a mild degree of right peritubal and periovarian adhesions were noted, this was not likely the cause of her long-standing infertility.
After adhesiolysis, she was still unable to conceive spontaneously for 2 years, until a right ovarian pregnancy occurred. Even during the laparotomy for removal of the ectopic pregnancy, there were no visible pelvic adhesions. Both tubes were grossly normal. Therefore, the only identifiable and likely cause of infertility in this patient is tubal dysfunction due to Kartagener's syndrome.
Presently, IVF-ET, a procedure that circumvents tubal dysfunction, has a 30 to 40% success rate on each attempt. Therefore, infertility due to tubal dysfunction associated with KS may be a reasonable indication for IVF-ET. To our knowledge, Halbert and co-workers were the first group to perform IVF-ET for an infertile woman with KS (7), although their patient did not conceive on that single IVF-ET attempt. Our patient also did not conceive after the first two IVF-ET attempts. Because some recent reports have proposed assisted hatching for increasing the pregnancy rate of IVF-ET in patients with repeated IVF failures (17,18), we attempted IVF-ET a third time with assisted hatching by zona drilling. Finally, the patient had a relatively normal pregnancy and a successful delivery of her twins. Based on the literature we reviewed, our study provides the first report both of an ectopic pregnancy in a woman with KS and of a successful pregnancy with IVF-ET.
In conclusion, KS can affect female fertility to various degrees because the ultrastructural defects in the ciliary axoneme are heterogeneous and lead to variable functional defects. To determine the specificity of ultrastructural abnormalities and their influence on fertility in women with KS, more prospective studies that evaluate both the structure and the function of the oviductal cilia are required. These women should be encouraged by the possibility of spontaneous conception, although they are at risk for infertility. If they are found to be infertile, IVF-ET is a reasonable approach to try. The addition of assisted hatching might increase the pregnancy rate if repeated failures of IVF-ET occur. Once a woman has successfully conceived, the KS is unlikely to affect adversely the course and outcome of the pregnancy.
